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Abstract
We introduce a linked modeling framework based on existing computable general equilibrium and energy planning
models for South Africa. The combined model provides for a more accurate assessment of the macroeconomic
impacts of detailed energy build plans as it takes behavior changes into account. We apply the framework to
alternative standard energy policies. We find that nuclear build plans constitute a significant risk to growth,
particularly if cost overruns are experienced. Current results point to more detailed analysis of regional energy and
renewable energy options, particularly if limiting carbon emissions is an objective.
© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
Energy policy is an important element of growth strategy. To date, South Africa has relied on
inexpensive coal reserves to generate electricity. As a result it has become a large emitter of greenhouse
gases, particularly CO2.[1] Environmental sustainability concerns along with depleting low cost coal
reserves and cost competitive alternatives have resulted in the reconsideration of energy policy in South
Africa.[2] Given the complex and difficult challenges facing South Africa policymakers need to consider
macroeconomic impacts, particularly employment effects, in their planning. This paper introduces and
applies a linked modeling structure for analyzing these issues and their interactions. Section 2 describes
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our approach including comparisons with existing approaches in the literature. Section 3 provides
selected results and Section 4 concludes.
2. Methodology
We follow the methodology proposed by Lanz and Rausch [3], i.e. an integrated bottom-up electricity
sector and general equilibrium model. They show that this approach allows for the combination of model
strengths that enable the assessment of policy changes on the electricity price, demand and welfare as
well as the identification of possible abatement opportunities. Their results found this methodology to be
superior to independent partial equilibrium models which fail to account for the secondary impacts of
shocks and independent general equilibrium models which do not accurately capture the changes in fuel
substitution because of their lack of detailed energy technology information. Other studies such as [4] and
[5] have followed similar integrated approaches. We differ from these studies as we collapse the
representation of energy technology derived from SATIM into a single technology vector for each period
in SAGE. This preserves the richness that can be obtained from an activity analysis representation of
technology, solved as a mixed complementarity problem, while greatly enhancing solution speed.
We link the South African TIMES (SATIM) and energy specific South African General Equilibrium
(SAGE) models. SATIM, an inter-temporal bottom-up optimization energy model, was developed and is
used by the Energy Research Centre [6] to do energy and climate change policy research. The model is
similar to that used to inform power generation investment in South Africa. SAGE is a dynamic recursive
computable general equilibrium model of South Africa and is used by their National Treasury for
economic policy analysis and longer term economic projections [7]. Both models are detailed, provide
significant contributions to policy debates and have been employed in academic literature [see 8 and 9].
In the linked approach, SAGE is run with expected policies (e.g., with or without a carbon tax) and
values for exogenous parameters. The existing electricity build plan is imposed reflecting a committed
plan that allows limited flexibility over approximately a five to ten year time horizon. The existing build
plan is deemed to be reviewed in 2010 with the results from SAGE providing a consistent set of inputs to
SATIM to formulate a revised build plan. This is then imposed in SAGE from 2011 to 2020 where after
SAGE reverts to standard investment allocation procedures. This process is repeated until a coherent
committed build plan is obtained. This is illustrated in Figure 1.
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Fig. 1. Illustrative representation of SATIM and SAGE interaction
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The linking of SATIM and SAGE implies that (1) investment behaviour in the electricity generation
sector is forward looking, (2) this forward looking behaviour accounts for the economy-wide implications
of imposed energy policies such as carbon taxes, (3) detailed structural information on the economy
substantially drives results and (4) these results sum up coherently to provide information on the
implications of alternative policies for macroeconomic variables.
3. Scenario Analysis
3.1. Scenario descriptions and assumptions
In the reference case, we assume a moderate growth path with real GDP expected to grow at an
average annual rate of 3.6 per cent between 2010 and 2040. The sector structure of the economy is
assumed to remain relatively unchanged. SATIM is allowed to find the cheapest mix of electricity to meet
demand. No constraints are imposed on CO2 emissions and as a result electricity is largely coal based.†
We consider three alternative scenarios (see Table 1) solving to 2030. CO2 emissions from the
electricity sector are capped at 275 Mton from 2025 as per the 2010 Integrated Resource Plan [10].
Table 1. Scenario descriptions
Scenario Name Description
Forced Nuclear
(IRP_Nuclear)
The Nuclear Programme from the revised balanced scenario of 2010 IRP is imposed. The remaining
electricity supply is determined by TIMES subject to the emissions cap.
Forced Nuclear Overruns
(Nuclear_High)
Forced Nuclear with an effective 50% increase in investment costs (20% increase in overnight cost;
4 year delay in completion).
Grand Inga
(G_Inga)
Increase in imports from the Grand Inga project, modelled in multiple phases with the first phase
allowing for 2.6GW from 2022 onward. The remaining 7.2 GW comes on from 2027 in 3.6 GW
steps. It is assumed that the South African government does NOT provide funding for the project.
In line with the stylized facts for South Africa, we assume that investment and government expenditure
is a constant share of absorption and that the exchange rate is flexible. We assume budget neutrality with
any needed adjustment occurring through the sales tax. Government funding of energy projects therefore
either requires a rise in taxes or reprioritisation of government spending. The supply of labour is assumed
to grow in line with the population although labour participation may react to the attractiveness of wages.
3.2. Analysis of results
Figure 2 shows the resulting capacity mix and electricity price for the four scenarios. Imposing the
emissions cap in the alternative scenarios decreases the share of coal from around 60 per cent in the
reference case to about 50 per cent in the alternative scenarios by 2030. In the respective scenarios,
nuclear and imported hydro replaces coal. The shares of solar and wind capacity also rises as a result of
the emissions cap. The electricity price rises by 10.4 and 12.4 per cent relative to the baseline in the
Forced Nuclear and Forced Nuclear with Overruns scenarios due to the higher infrastructure costs
associated with building nuclear capacity. In the Grand Inga scenario, the electricity price closely follows
that of the baseline, decreasing by about 3 per cent by 2030, despite the CO2 constraint.
† Details regarding SATIM model assumptions are available on request.
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Fig. 2. Electricity capacity mix and associated electricity price projection
Imposing a nuclear build plan reduces the level of real GDP by about 0.7 per cent by 2030 relative to
the reference case. If cost overruns of only 50 per cent are experienced, the cost to the economy rises
from -0.7 to -1.1 per cent. Nuclear is expensive to build and demands a significant amount of resources
from the economy. This has a negative effect on growth during the construction phase. Once the units are
built and running, the higher level of needed investment translates into a higher electricity price. This
raises the costs of production and reduces households’ purchasing power. The decrease in activity reduces
the demand for labour. As a result employment declines by about 0.25 and 0.28 per cent by 2030,
respectively. Mining and manufacturing suffer the greatest losses in output given their heavy dependence
on electricity. In the manufacturing sector the worse affected industries are non-ferrous metals, iron and
steel, basic chemicals and metal products. Activity in the electricity sector rises and provides support to
growth. Excluding electricity, the level of real GDP is 0.9 and 1.2 per cent lower by 2030. Household
incomes decrease by 1.1 and 1.2 per cent, relative to the baseline respectively.
Importing electricity from Inga, however, has a positive impact on the economy. Real GDP is
estimated to increase by 0.8 per cent. This reflects the competitive price of regionally sourced electricity
but also our assumption that the regional projects are not financed by the South African public sector.
Electricity prices reflect the new source of electricity once it becomes available rather than being used to
finance it. Excluding the electricity sector, the level of real GDP is 0.9 per cent higher by 2030. Gains in
employment of 0.1 per cent are also achieved.
4. Conclusion
The results illustrate the usefulness of the linked model both in terms of demand response and socio-
economic impacts of energy policy. Through the scenarios assessed, they also support the IRP Update
recommendation against large inflexible pre-2025 commitments to meet projected growth in demand,
which is highly uncertain.[11] As shown here this could be quite costly to the economy should things not
go as planned and if opportunities for cheaper options are missed. Such commitments would perhaps be
more appropriate when planning for the replacement of the retiring fleet; where there is much less
uncertainty and problems due to delays could be mitigated simply by delaying planned retirements.
The analysis presented here is the first step in the development of SATMGE. In future work we hope
to further improve the existing model by improving some of the relationships as well as extending the
model to a full energy model.
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